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RELATION OF AURORZV, RADIATION 

TO THE IIIAGKETOPAUSE - - - - -  - -  - 

TO VAN ALLEN RqDIATIObT 

Br ian  J .  O ' E r i e n  

A b s t r a c t .  A magnetospher ic  c o n f i g u r a t i o ~ l  i s  d e v i s e d  from cons ide r -  - 
a t i o n  o f  expe r imen ta l  d a t a  combined wi th  a mix tu re  o f  i n t u i t i o n  

and a few t h e o r e t i c a l  concepts .  I t  i s  proposed t h a t  t h e  h igh-  

a l t i t u d e  i s l a n d s ,  t h e  t h i r d  r a d i a t i o n  zone,  t h e  s k i r t ,  cusp ,  

neu t r a l .  s h e e t  and plasma s h e e t  may a l l  be r ega rded  as c o n s t i t u e n t s  

of an a u r o r a l - r a d i a t i o n  domain, The domain i s  occupied  by ].ow- 

energy  e l e c t r o r ~ s  and p r o t o n s  which show s i g n i f i c a n t  t empora l  va ' r i -  

a t i o n s  under t h e  o c c a s i o n a l  i n f l u e n c e  o f  non -ad iaba t i c  p r o c e s s e s ,  

and vrhicir p a r t i c l e s  may occas i .ona l ly  bombard t h e  atmosphere t o  

a r y  of t h i s  domain a t  noon i s  t a k e n  t o  be t h e  magnetopause, and t h e  

i n n e r  boundary o f  t h e  a u r o r a l  domain i s  deemed e q u i v a l e n t  t o  t h e  

- - o u t e r  boundary o f  Van Al l en  r a d i a t i o n .  During m a g n e t i c a l l y - q u i e t  

t imes ,  t h e s e  b o u n d a r i e s  are judged t o  be  a t  g e o c e n t r i c  r a d i a l  

d i s t a n c e s  (K ) a t  noon o f  -10 R and -8 R r e s p e c t i v e l y ,  w i t h  t h e  
0 E E 

i n n e r  edge fuzzy.  During geomagnetic s t o r n ~ s ,  t h e  a u r o r a l  domain 

- . - - . can 'expand  and t h e  i n n e r  edge can advance t o  -3 K o r  less. T h i s  - - - 
E 

p r o c e s s  i s  judged t o  accompany b o t h  t h e  o c c u r r e n c e  o f  l o w - l a t i t u d e  
- -  - --.-- *-- - - -- - -  - - --- ---- -- - - - -- A - - + . - - - -- -- -- - - . a u r o r a s  and t h e  non-ad iaba t i c  l o s s e s  o f  Van Al l en  r a d i a t i o n  fo rmer ly  

---- - i n  t h e  r eg ion .  Magnetospher ic  models which have a u r o r a l  a c c e l e r -  - 

a t i o n  on open rnagnetic f i e l d  l i n e s  ( c f .  D e s s l e r  and Juday,  1365) .. 

* o r  on  f i e l c l  l i n e s  t o  the n e u t r a l - s h e e t  o n l y  ( c f ,  S p e i s e r ,  1965) a r e  - -- - _--  - _ _ -  _ _ _  - - - - - - - - - - - - - - - - - - - - --- 

shown t o  have severe c f i f  f i c u l - t i c s  i n  meeting tllese and other spec:- 

i f i e d  requi remcnt :~ ,  



a t  i s  t h e  purpose o f  t h i s  n o t e  t o  p r e s e n t  a  magnetospheric 

model wherein we l o c a t e  t h e  source of  a u r o r a l  p a r t i c l e s ,  and en- 

v i sage  t h e  a s s o c i a t e d  a u r o r a l  dolnain t o  b e  t h e  region  t h a t  s e p a r a t e s  

t h e  magnetopause from t h e  zone of  s t ab ly - t r apped  Van Allen Radia t ion  

(Figure 1). 

There has  been cons ide rab le  d i s c u s s i o n  about t h e  source o f  

t h e  p a r t i c l e s  t h a t  bombard t h e  atmosphere t o  cause auroras .  ~t h a s  

been argued f o r  some t ime t h a t ,  i f  t h e s e  p a r t i c l e s  u l t i m a t e l y  had 

come from t h e  sun, then  t h e  c o n t r a s t  between t h e i r  i n t e r p l a n e t a r y  
3 

v e l o c i t y  o f  some 10 km/sec ( c a l c u l a t e d  from t h e  one-day de lay  

between a  l a r g e  s o l a r  f l a r e  and a  g r e a t  warld-wide aurora)  and t h e i r  

v e l o c i w  requ i red  t o  p e n e t r a t e  t h e  atmosphere t o  a u r o r a l  a l t i t u d e s  
5 

of -- 100 km ( a  v e l o c i t y  o f  -- 10 km/sec) n e c e s s i t a t e s  a  " l o c a l "  o r  

near?ear th  a c c e l e r a t i o n  mechanism. 

t h e  d iscovery  of  Van Allen r a d i a t i o n  (Van Allen,. 19611 , t h e  c o l l i -  

s i o n l e s s  bow shock [Ness, e t  a l . ,  19641 , t h e  magnetopause [Br idge ,  

et a l . ,  1961; C a h i l l  and Amazeen, 19631 and t h e  extended .magneto- 

s p h e r i c  t a i l ,  [Ness, e t  a l . ,  19641 (F igure  I) , one might imagine 

t h a t  t h e  s i t e  and d e t a i l s  of  t h i s  l o c a l  a c c e l e r a t i o n  could b e  

s p e c i f i e d  e x a c t l y ,  b u t  t h i s  i s  n o t  so. One 'of  t h e  s p e c i f i c  prob- 

lems i s  t h a t  a u r o r a s  occur  i n  t h e  day a s  w e l l  as t h e  n i g h t  [Davis 

and DeWitt, 1963; Johnson, e t  a l . ,  1-966; 0 'B r i en ,  1-9643 . 
' 

O'Brien, 119643 made simultaneous s a t e l l i t e - b a s e d  measurements 

of Van Allen p a r t i c l e s ,  o f  t h e  p a r t i c l e s  t h a t  cause au ro ras ,  and o f  

the a u r o r a l  l i g h t  t h a t  was emi t ted .  From t h e s e  measurements it 

was concluded t h a t  t h e  night- t ime aurora l  zone i s  d e l i n e a t e d  by 

magnetic f i e l d  lines t h a t  pass through t h e  h i g h - - l a t i t u d e  boundary 

of t r a p p i n g  o f  Van Allen r a d i a t i o n ,  However, even i f  one observes 

.p"l^ticl.cs mi r ro r ing  a t  100-km al. t l ; tude one has  no assurance  t h a t  



t h e y  a c t u a l l y  w i l l  bounce from hemisphere t o  hemisphere and d r i f t  

around t h e  world  i n  l o n g i t u d e  and be durab ly  t r a p p e d ,  i , e .  be Van 

Al l en  p a r t i c l e s .  Accordingly,  O'Brien [I9641 w a s  unable  t o  conclude 

expe r imen ta l ly  whether  t h e  a u r o r a l  zone was i n s i d e  o r  o u t s i d e  t h e  

. boundary o f  t r a p p i n g  o r  s t r a d d l i n g  it. However, i n  t h e  model w e  

. sugges t  h e r e  (F igu re  1). it i s  envisaged t h a t  t h e  a u r o r a l  zone i s  

e j u s t  o u t s i d e  t h e  boundary o f  t r a p p i n g  a n d ' c o n t i g u o u s  t o  it. 

The c o n f i g u r a t i o n  i s  ske tched  i n  F i g u r e  1 and e n e r g e t i c  charged 
5 . p a r t i c l e s  a r e  deemed t o  occupy o n l y  f o u r  d i s t i n c t i v e  domains: 

A. The V a n  A l l en  (Trapped- rad ia t ion)  Zone, where e n e r g e t i c  

can-bounce  i n  l a t i t u d e  and d r i f t  i n  l o n g i t u d e  com- 

p l e t e l y  around t h e  e a r t h  [Van Al l en ,  19631, and  where a l l  

p r o c e s s e s  are approximate ly  a d i a b a t i c ;  . . 

The Aurora l  Domain, i n  which w e  i r ic lude t h e  r e g i o n s  a t  

low a l t i t u d e s  where e n e r g e t i c  charged p a r t i c l e s  bombard t h e  

. r e g i o n s  a t  h i g h  a l t i t u d e s  shown i n  F i g u r e  1, t h u s  i n c o r p o r a t i n g  

the " s k i r t "  [Freeman, 1964; Frank,  19653 , t h e  "cuspt1 [Anderson, 

[1965a],  t h e  " t h i r d  r a d i a t i o n  zone" [Gri-ngauz, e t  a l . ,  19621, 

t h e  n e u t r a l  s h e e t  [Ness,  e t  a l . ,  19641, t h e  s h e e t  [Bame,  

et al . ,  19661 , " i s l andS t  [Anderson, 1965al , and s p i k e s  [McDiarmid 
4 

and Burrows, 19651 . I n  t h i s  domain, t h e  g r a d i e n t  o f  B i s  s m a l l  
- -  - > - - -  

and t h e  p a r t i c l e  f l u x e s  v a r i a b l e -  ( c f ,  F i g u r e  2 ) .  T h i s  r e g i o n  ' - 

-- - . -- - - -  i s  c h a r a c t e r i z e d  by t h e  .-- predominant - - -  A- . - - - - -  - occur rence  - - - -  - o f  --- - non-ad iaba t i c  - - -- "- 
.---- - -  -- * 

processes ;  
- . - - - - - - - - - - - - - - -  - - -- - - - - - - - - - - - - - -- - . -- - - -- - - . - - . - - --- -- -- - - - - - 

C, The Magnetosheath,  where solar-wind p a r t i c l e s ,  hav ing  

been  t h e r m a l i z e d  a t  t h e  c o l l i s i o n l e s s  shock f r o n t  [Ness,  e t  a l . ,  
-- -- - - - - - - - - 

19647 s tYeS?-around -theL geomagnet-ic - f i e l d ;  - - e o r n p r e s ~ n g  an=- - -  

d i s t o r t i n g  i t  a s  shown i n  F i g u r e  1, 

. - 



D,  - g~i t . e rpEanc ta ry  Sp&cc6 popul'ated by t h e  s u p e r s o n i c  s o l a r  

. wind [ P a r k e r ,  1358; Snyder and Neugebauer, 19641, 

I n  s p e c i f y i n g  o n l y  four do~na ins ,  t h e r e  i s  no i n t e n t i o n  o f  

i n d i c a t i n g  t h a t  c h a r a c t e r i s t i c s  o f  t h e  e n e r g e t i c  p a r t i c l e s  may n o t  

be d i f f e r e n t  a t  d i f f e r e n t  l o c a t i o n s  i n  t h e  domain. F o r  example, 

~ f  c o u r s e ,  t h e  Van Al l en  domain c o n t a i n s  p a r t i c l e s  w i t h  v e r y  d i f -  

b f e r e n t  f l u x e s  and s p e c t r a  a t  d i f f e r e n t  l o c a t i o n s ,  b u t  a l l  are 

c h a r a c t e r i z e d  by t h e  f a c t  t h a t  t h e  p a r t i c l e s  bounce i n  l a t i t u d e  and 

d r i f t  i n  l o n g i t u d e  around t h e  e a r t h .  S i m i l a r l y ,  i n  t h e  a u r o r a l  

domain t h e r e  may be d i f f e r e n c e s  i n  d e t a i l ,  b u t  t h e  r e g i o n  i s  char -  

a c t e r i z e d  by e l e c t r o n  and p r o t o n  s p e c t r a  such a s  a r e  encounte red  
L i n -  aurora,  by a c t i v e  a c c e l e r a t i o n ,  by t i m e - v a r i a b l e  p r o c e s s e s  and 

by  t h e  i n a b i l i t y  t o  d r i f t  around t h e  world .  



THE AURORAL DOMAIN 
- > - - - - - - - - - - - - 

\$hen t h e  noon rnagnetopause was d i scove red  a t  a g e o c e n t r i c  

r a d i a l  d i s t a n c e  ( R  ) o f  -10 R (whcre R = 6370 km) , and when it 
0 E E 

w a s  found t o  c o i n c i d e  w i t h  a  d e c r e a s e  i n  t h e  f l u x  o f  e n e r g e t i c  

p a r t i c l e s  [Freeman, e t  a l . ,  19631, it was g e n e r a l l y  assumed t h a t  

it w a s  t h e  o u t e r  boundary o f  Van Al l en  r a d i a t i o n .  By c o n t r a s t ,  

i n  t h e  model o f  F i g u r e  1, we l o c a t e  t h i s  boundary a t  R o -- 8 RE 

d u r i n g  m a g n e t i c a l l y  q u i e s c e n t  c o n d i t i o n s ,  and a t  p r o g r e s s i v e l y  

s m a l l e r  g e o c e n t r i c  d i s t a n c e s  du r ing  geomagnetic s torms.  

WE r e g a r d  t h e  r e g i o n  o f  8 R R S 10  R on t h e  noon mkr id ian  
E 0 E 

as b e i n g  t h e  Auro ra l  domain r a t h e r  t h a n  t h e  Van A l l e n  zone because  

p a r t i c l e s  w i t h  e i t h e r  l a r g e  o r  s m a l l  e q u a t o r i a l  p i t c h  a n g l e s  (a  o ) 

i n  t h e ' r e g i o n  cannot  d r i f t  complete ly  around t h e  wor ld  [Anderson, 

1965a l .  F i r s t  it i s  seen  ( F i g u r e  2 )  t h a t  i n  t h i s  r e g i o n  t h e  g r a d i e n t  

of t h e  geomagnetic f i e l d  becomes sma l l  and it may even r e v e r s e  s i g n  

of p a r t i c l e s  w i t h  l a r g e  a ( i .e .  t h o s e  m i r r o r i n g  a t  low l a t i t u d e s )  
0 

w i l l  be n e g l i g i b l e  and pe rhaps  r e v e r s i b l e  [Anderson, 1965a l .  

Second, t h e r e  w i l l  be an L - s h e l l  s p l i t t i n g  [McIlwain, 1966a1 s o  

t h a t  p a r t i c l e s  w i t h  sma l l  v a l u e s  o f  a would t e n d  t o  d r i f t  i n t o  t h e  
0 

magnetospher ic  t a i l  and be l o s t .  Consequent ly ,  even though par -  

t i c l e s  i n  t h i s  r e g i o n  may bounce i n  l a t i t u d e  and be quas i - t r apped ,  

t h e i r  i n a b i l i t y  t o  d r i f t  i n  l o n g i t u d e  comple te ly  around t h e  e a r t h  - 

makes them i n e l i g i b l e  t o  be Van Al l en  p a r t i c l e s ,  I n s t e a d ,  w e  l a b e l  

them a u r o r a l  p a r t i c l e s ,  w i t h  c h a r a c t e r i s t i c a l l y  s o f t  s p e c t r a  and 

l a r g e  temporal  v a r i a t i o n s  ( c f .  O 'Br ien ,  1964; Frank ,  1965; Freeman, 

19641 

The i n n e r  boundary o f  t h i s  a u r o r a l  domain w i l l  b e  fuzzy and - - - - - - - -- - - .- - - - -- - - -  - -. - -  - - --- -- -- 
w i l l  depend on energy ,  p i t c h  angle and  long5 t u d e ,  Furt-hermore, 

d u r i n g  l a r g e  geomagnetic s to rms  tile edge w i l l  move inwards.  T h i s  

movement of the how-.a l t i tude b o u ~ d a r y  o f  t h e  Van A l l e n  zones  and  

of the niyht-,tj.me v i s i b l e  auroras b a s  beel-, observed down t o  i n v z r i a n t  



. -6- 

- ,  

l a t i t u d e s  ( A )  o f  45O and less. The geomagnetic f i e l d  l i n e s  through 
- -  - t h i s  reg ion  a r e  l a b e l l e d  wi th  t h e  McIlwain [1961] L-she l l  

o f  L - 2 s o  t h a t  they  nominally extend o u t  t o  a g e o c e n t r i c  r a d i a l  

d i s t a n c e  R of o n l y  -2R E. 
By c o n t r a s t ,  t h e  magne'topause i s  n o t  

0 

observed t o  move c l o s e r  than  -7R.   ahi ill and Amazeen, 19631. 
E 

Indeed, f o r  it t o  be simply compressed i n  t o  2 R E would r e q u i r e  a 

% solar-wind p r e s s u r e  t o  be  s o m e . f i f t e e n  thousand t i m e s  t h e  normal 

value.  . . 
, - 

. A t  l e a s t  one a t tempt  h a s  been made p rev ious ly  t o  r e s o l v e  t h i s  

discrepancy between t h e  l a r g e  movement o f  t h e  l o w - a l t i t u d e  boundary 

o f  t r app ing  and t h e  comparat ively s m a l l  movement o f  t h e  magneto- . . 
pause. Akasofu 119631 sought t o  e x p l a i n  t h e  e f f e c t  as due t o  

enhancement o f  t h e  pe renn ia l ly -e lus ive  r ing-cur ren t  p a r t i c l e s .  

However, t h i s  approach r e q u i r e s  e x t r a o r d i n a r i l y  l a r g e  r i n g  c u r r e n t s  
0 

t o  move t h e  boundary down below 55 , and 45O would appear t o  

, r e q u i r e  a new approach. 
t -7- - - - - - - - - - - - -A -c 7 ~ w . 7  2 -4-G 4 - 3 - d -  a I e n  nr,'+.pcj A 1 1 1 . c ~ ~ )  9 =)it, *.-- -----_ -_-- - _ - _ -  - 

f o r . t h e  magnetospheri'c model p resen ted  by Dess le r  and Juday 119651, 

where a u r o r a l  r a d i a t i o n  was deemed t o  be energized  on open f i e l d  

l i n e s  as t h e y  touch t h e  magnetopause. '  Luw-lati tude a u r o r a s  would 

. t h e n  r e q u i r e  t h a t  more f i e l d  l i n e s  be blown open i n t o  t h e  p o l a r  . . 
cap whi le  t h e  magnetopause i s  a p p r o p r i a t e l y  compressed. A s  d i s -  

cussed  above, such compression does n o t  occur ,  and t h e  r ing-cur ren t  
- -. 

d i l a t i o n  proposed b y  Akasofu [I9631 does n o t  appear t o  r e c o n c i l e  . 
t h e  model w i t h  t h e  da ta .  - 

- .--- W e  r e s o l v e  t h i s  problem h e r e  simply by- p o s t u l a t i n g  t h a t  t h e  - --- - 
. - 

a u r o r a l - r a d i a t i o n  zone expands i n  towards t h e  a p p r o p r i a t e  geo- 
a 

' . 
c e n t r i c  r a d i a l  d i s t ance .  The inward expansion o f  t h e  a u r o r a l  zone . . - --- - leads E?'- a - ~ r i ~ a d i a ~ f ~ c - l o s s - . - b  f-VandAllen-radiation;-- and-indeed - ------- 

, - 
, w e  would equa te  t h e  immediate o u t e r  boundary o f  Van Al len  r a d i a t i o n  

e s s e n t i a l l y  wi th  t h e ' i n w a r d  penetration of t h i s  reg ion  c h a r a c t e r -  

i z e d  by non-adiabat ic  e f f e c t s  occur r ing  dur ing  t h e  p a r t i c u l a r  storm. . 
, ' 



For example, when I.lcIl.waj-n [1.366b] fnurtd t h a t  t h e  A p r i l  18 ,  1965 

geomagnetic s torm caused ( a )  an  a d i a b a t i c ,  l o s s  and t h e n  recovery  

o f  p r o t o n s  40 Mev 2 E 5 110 Mev a t  L 5 2 . 1 ,  b u t  (b) a  non-ad iaba t ic  
P  

l o s s  and no r ecove ry  a t  L 2 2.6, we would e s t i m a t e  t h a t  t h e  a u r o r a l  

zone on t h i s  o c c a s i o n  had advanced inwards t o  L -- 2.5. We would 
0 0 

e x p e c t  t h a t  a u r o r a s  would have o c c u r r e d  down t o  -50 t o  55 magnetic 

5 .  

l a t i t u d e  du r ing  t h i s  storm. While we know o f  no v i s u a l  o b s e r v a t i o n s  

d u r i n g  t h i s  s to rm,  s i n c e  K reached  a  maximum v a l u e  o f  8- w e  may 
P 

c r u d e l y  e s t i m a t e  t h a t  an a u r o r a  would have occu r red  a t  about  
0 

(55O & 5 ) by r e f e r e n c e  t o  t h e  s t a t i s t i c a l  movement o f  a u r o r a s  

v e r s u s  K (see G a r t l e i n  and Sprague,  1960) .  
P 

W e  a l s o  c o n s i d e r  t h a t  non -ad iaba t i c  p r o c e s s e s  a r e  common and 

predominant i n  t h i s  a u r o r a l  domain. Frank [I9651 p r e s e n t e d  evidence 

f o r  a " s t r o n g  a c c e l e r a t i o n  mechanism f o r  e n e r g e t i c  e l e c t r o n s  i n  t h e  

l oca l -day  p a r t  o f  t h e  magnetosphere".  H e  found i r r e g u l a r  and 

v a r i a b l e  s t r u c t u r e  o f  t h e  p r o f i l e s  of e n e r g e t i c  e l e c t r c n s  (E 2 1 .6  ~ e v )  
e 

l I+- b ~ r r h n r  I T C -  t.l^lmr hpt-,~fi.-. ~ k ~ , - t  I= n 7 - 4  t k -  ---rr\t--l-.-n .: fi i- 
d d - J. . - 

E 
what w e  have termed i n  F i g u r e  1 t h e  a u r o r a l  domain. S i n c e  t h e r e  i s  

con t inuous  p a r t i c l e  p r e c i p i t a t i o n  and a u r o r a l  l i g h t  i n  t h e  a u r o r a l  

zone 5 5 L 10  [O 'Br ien ,  19641 it seems t h a t  t h e r e  must be con- 

t i n u o u s l y - a c t i v e  a c c e l e r a t i o n  p r o c e s s e s ,  and we r e g a r d  t h e s e  a s  a 

c h a r a c t e r i s t i c  o f  t h e  a u r o r a l  domain. One may s p e c u l a t e  (bu t  no t  

p rove  as  y e t )  t h a t  piasma i n s t a b i l i t i e s  ( c f .  S c a r f ,  e t  a l . ,  1965) 

may p r o v i d e  such common a c c e l e r a t i o n  and p r e c i p i t a t i o n  a t  day and 

n i g h t ,  w h i l e  magnetopsher i -c-f ie ld  merging p r o v i d e s  v i o l e n t  n i g h t -  . 
t i m e  e f f e c t s  ( c f .  Fxford ,  1966; S p e i s e r ,  1965) .  

- - 

Low-a l t i tude  measurements o f  p r e c i p i t a t e d  e l e c t r o n s  w i t h  

Ee. 2 40 kev  [O 'Br ien  1962 and 1964-1 show t h a t  p r e c i p i t a t i o n  can 
- - - - -. - -- o c c u r  down- t o  comparably s m a l l  L- v a l u e s ;  -say 2- N 2 , -wi th-  such- - -- 

i n t e n s i t i e s  a s  t o  empty t h e  r a d i a t i o n  zones (if :'+hey were  unreplen-  

i shed)  i n  a Pew hour s  o r  l e s s .  B u t  observatj_ons s h o w  t h a t  tlie ' 

i . n t c n s i t y  b o t h  o f  p r e c i p i t a t e d  and o f  "trapped" 40 kev  e l e c t r o n s  



j.ncrc.;ises w i t t ~  incl -eas ing I< [ O  ' B r i c n ,  1964; I:'reeman, 19641 . 1lor.r- ------ P 
c v e r ,  obsc rva i  i o n s  a t  h i  gli al.tituc1cs c l e a r l y  cicrnonstratcci t h a t  non- 

a d i a b a t i c  ----- l o s s c s  o f  h igh  eni?l:cJy (2 1 1-v) p a r t i c l e s  can occu r  t o  

dcc?p wi i-1)i.n the magnetosphere.  Furthermore, B a i l e y  ancl Pomerantz 

[1355] p r c s c n t  convinc ing  ionosp l~c- t r i .~  ev idence  t h a t  Pfev e l - ec t rons  

former ly  t r a p p e d  a t  4 . 5  3; S. G w c l - c  a c t u a l l y  p r e c i p i t a t e d  i n t o  

t h e  a t m o s p h e ~ e  du?ri.ng t h e  F e l ~ r u a r y  8 ,  1365 even t .  Thus w e  n o t e  t h a t  
.I 

a "chronologic t r l~  sequence o f  el.ectror1 i n t e n s i t y  r a d i a l  p r o f i l e s  B 

demons t r a t e s  unequ ivoca l ly  t h e  out-.of--phase n a t u r e  o f  t h e  Low- 

and high-energy e l e c t r o n  r ep l en i shmen t s  i n  t h e  o u t e r  r a d i a t i o n  

zoile" [Frank ,  e t  a l . ,  1.9641 . 
0 ' Rr ien  [ 1962 arid 19643 envisaged  a " s p l a s h - c a t c h e r "  concep t  

t o  e x p l a i n  t i le  p o s i t i v e  c o r r e l a t i o n  between t h e  p l a n e t a r y  &qnetic 

d i s t u r b a n c e  index  K and t h e  f l u x e s  o f  50 kev e l e c t r o n s  a t  .gee- 
P 

c e n t r i c  r a d i a l  d i . s tances  o f  -- 4 t o  8 RE,  and t h e  p o s i t i v e  c o r r e l a t i o n  

of K and t h e  f l u x e s  o f  such e l e c t r o n s  b e i n g  p r e c i p i t a t e d  i n t o  t h e  
t-' i. atmospllcrc r n  a u r o r a l  r eg rons .  lt was supposea t n a t  11 a u r o r a l  

r a d i a t i o n  and Van Al len  r a d i a t i o n  were  r e l a t e d  a t  al.1, it was o n l y  

i n  t h a t  t h e y  had a comrtxon cause .  H e r e  w e  e l a b o r a t e  t h e  concep t  as  

fo l lows:  - - 

During l a r g e  geomagnetic storrns t h e  i n n e r  edge o f  t h e  a u r o r a l  

domain (and t h u s  t h e  o u t e r  edge o f  t h e  Van Al l en  zone) moves 

t o  s m a l l e r  g e o c e n t r i c  i a d i a l  d i s t a n c e s  as  t h e  domain t h i c k e n s .  

A s  a consequence t h e r e  i s  a non-ad iaba t i c  l o s s  o f  many h igh-  

-.-- . - --- energy  (? 1 Mev) Van Al l en  p a r t i c l e s  i n  t h e  regi.011. However, 

v 
accompanying t h i s  expansion o f  t h e  a u r o r a l  zone t h e r e  i s  an 

enhancement i n  t h e  f l u x e s  o f  lower-energy (-- 1 t o  1 0 0 ' s  o f  kev) 
s 

p a r t i c l e s  because  t h e s e  f r e s h  p a r t i c l e s  a r e  e n e r g i z e d  i n  t h e  

---- L---- --------auroral. processes. ~ h c n  khe storin i s  \r:aning, a r e s i d u e  o f - t l ~ c s c -  ._._ 

low-.encrrgy p a r t  i c l - c s  i s  l e  ft t r a p p e d  as t h e  aur-ox-al doniaj-n 

s l l r j  n k s  . Su'l~seyuclit  p r o c e s s e s  such  a s  diffusion ~ . ~ a y  t'hen enc>rgizc  



Tl-te o:pc:riircent-ally-olscrveci 3~cll;lvior of radiai- . ion i n  t h e  

mac~ne tosphcrc  (c. g .  see Fran!:, 1965; I'r-cemctn, I 9 G 4  ; Mc:C.l.wain, . - 

L 9 6 G l ~ )  a p p e a r s  con s L s t e n t  w i t h  t.11 i s  oonccpk.  

Xt i s  r e L e v a n t  t o  n o t c  t h a t  t h j  s c o n c e p t  o f  an  " a u r o r a l .  

. domain" i s  s i m i l a r  i n  many ways ' t o  t l l c  convec: t ive r e g i o n  shown b y  

Axfoscl a n d  I-Ij-nes C196.l-] b e f o r e  t h e  mag~- tc topause ,  t h e  shock f r o n t -  

. and t h e  magnetospl-te~:j-c t a i l  were found experimentally, I n  t l l i s  

c o n t e x t ,  it i s  as w e l l  t o  emphasize  t h a t  i n  t h i s  n o t e  w e  c o n c e n t r a t e  

on  t h e  e 1 1 e r g e t . l ~ - p a r t i c l e  clomains i n  t h e  ruagnctosphere ,  r a t h e r  than  
Q 

on  t h e  m a g n e t o s p h e r i c  c o n f i g u . r a t i c n  i t s e l f .  Thc l a t t e r ,  o f  c o u r s e ,  

i s  best mapped o u t  b y  measurements  of m a g n e t i c  f i e l d s  and plasmas 

r a t h e r  t h a n  by u s i n g  e n e r g e t i c  p a r t i c l - c s  as  tracers. 



I n  s o f a ~ :  a s  th;. s lilocIeL was devi  S C ~  ~ > : ~ ~ l c : i t ~ ~  t o  f i t  ~;nov!n 

expcrimcntal  d a t a ,  ci>risist:el~cy 1-,7itll e x i s t i n g  da.t.a. i s  more z t  niensurc 

o f  i t s  scope-? t h a n  o f  i t s  v a l i d i t y ,  I:ox\7ever, some adcli ' tional 'tests 

have been made, 

It i s  always i n t e r e s t i n g  t o  review o l d  o:perirnerital d a t a  i n  

t h e  l i g h t  o f  newer ideas .  F.?c have t hus  reviewed t h e  ex tens ive  

observat j -ons of  t h e  zurora  of  Noveri113er 27/28, 1959, I n  t h i s  pcri-od, 

Explorer  VI% ecpipped wi th  two s h i e l d e d  gei-ger t u b e s  made repeated  

passes  over  a u r o r a s  and over  a rnonoc11rornatj.c ( 6 3 0 0 ~ )  r ed  a r c  [0 'Brien,  

e t  a;. . , 19601 . I n  t h e  f i r s t  p a s s  about 4 hours  a f t e r  t h e  sudden 

commencement, t h e  peak count r a t e  of  t h e  type  302 ge ige r  t u b e  
0 

occurred  over  a v i s i b l e  au ro ra  a t  a magnetic l a t i t u d e  of  about 55 , 
and  t h e  count  r a t e  a t  h i g h e r  l a t i t u d e s ,  where t h e  peak was norn~a l ly  

found, vas  e s s e n t i a l l y  zero.  During t h e  remainder o f  t h e  n i g h t  
1 .  . -f - - - 0 -  - . .  . . F , -  - .  
CllCI - V L L i I  b 2 - U b b  -b\rlbU~1C-U# L C I I U  L I I L  ULUJ\  . L l l L L J J 3 1 . C V  U J -  L 1 1 b  L l l L A Y G  L I L  

e l e c t r o n s  was observed above t h e  6300A a r c ,  i. e. a t  t h e  low-la t i tuck  

edge o f  t h e  v i s i b l e  a u r o r a l  aci- . ivity.  While t h e r e  was a t  t h e  time 

3.ikely a mistaken assiqnrneilt o f  40 kev e l e c t r o n s  a s  t h e  clause of 

t h e  302 count  r a t e  (it now seems most 1- ikely t h a t  it was due t o  -- Mev 

e l e c t r o n s )  t h e  behavior  seems c o n s i s t e n t  wi th  t h e  model envj.sagcd 

h e r e .  

D e t a i l e d  t e s t i n g  o f  t h i s  model a g a i n s t  a v a i l a b l e  d a t a  i s  pro- 

ceeding. For examnple, we have compared p a r t i c l e  and magnetometer 

d a t a  froni Explorer  1-2  ahil ill and P a t e l ,  19GG; Frank, e t  a l e ,  3.9661 
B 

w i t h  p a r t i c l e  d a t a  from In jun  1 [l.laehlum and OIHrien ,  19631 f o r  t h e  

l a r g e  magnetic s t o r ~ n  o f  October 2 8 ,  1.961. I n j u n  1 a t  an a l t i t u c i e  

oT 1000 km fourid t h e  boundary o f  t r a p p i n g  a t  L -- 4 t o  6.  Explorer  12 
- ' - _ _ _ _ _ _  - - - - - -- - - - - - - -- -- 

jn  t h e  near -eyuator i  a 1  p lane  found tlie ~t~acjnetopause a t  62,000 km o r  

9 - 7  R fo r  p a r t i c l e s  [Frecn~an, L9541 cun3 a't2ouir. G O ,  000 3;m for i:hc 
15 

ln&c_jncti c L j  eLc1 [C;lhj-13. and P a t e l ,  I S f G G ]  . Hoi;~cver, tile -partic]-c: d a t a  



aleso sho:k7 consj .derablc  s t r u c t u r e  i n  t o  r a d i a l  d i s t a n c e s  o f  abou t  

40,000 km o r  6 . 3  R , and we ecjuate t h e  1.attc.r d i skancc  w i t h  t l ~ c :  
J.; 

boundary o f  t r a p p i n g ,  which i s  compar;~blc  t o  t h a t  found by I:n jun  1.. 

Ti1 adopt ing  t h e  moc?cl o f  F i g u r e  1, we ecjuat-c t h e  low--al . t i tudc 

. s p i k e s  o f  blcDiarmid and 33urrows [ l365 ]  v ~ i t h  t h e  , h i g h 7 a l t i t u d e  

i s l a i ~ d s  o f  Anderson, e t  a l . ,  El3651 . Furthermore,  as d i s c u s s e d  

e l s e v ~ h e r e ,  t h c s e  f a s t - r i s e  (- minu te s )  and slow--decay '(-- h o u r s )  

enhancements o f  e l e c t r o n s  w i t h  E >N 40 o r  4 5  kev are a s s o c i a t e d  
C 

w i t h  i n t e n s e  f l u x e s  o f  low-energy e l c c t r o n s  whose energy spectrum 

r a p i d l y  ha rdens  ( s e e  B a m e ,  e t  a l . ,  1966; O I B r i e n ,  1966) . O I B r i e n  

and Laughl in  [ 1-9621 measurecl such f l u x e s  a t  -1000 km a l t j - t u d e ,  

iilith i n t c n s i t j . e s  s u f f  i c i e n t  t o  cause  v i s i b l e '  a u r o r a s .  Thus we 

conc lude  t h a t  t h e  h i g h - l a t i t u d e  edge o f  t h e  a u r o r a l  zone may have 

m u l t i p l e  s t r u c t u r e s .  Indeed  mul t i .p le  a u r o r a l  a r c s  are obse rved ,  

[Akasofu,  e t  a l . ,  1965) and m u l t i p l e  i s l a n d s  a r e  observed  j-n t h e  

e q u a t o r i a l  p l a n e  [Pjrlderson, 1965a] . 
' i sno  I n 7 . r -  I ~ i -  7 i - l ? r r m  nrrrrr ,  0 7 -  l - t ~ n  xllrnrx I v n n -  x . 7 1  t I 2 I c:n  AT r > r ~  

c l e a r l y  d e l i n e a t e d ;  and t h e r e  i s  a " fuzzy"  r eg ion  a s  t h e  f l u x  o f  

p r e c i p i t a t e d  e l e c t r o n s  g r a d u a l l y  (i. e. w i t h  i n c r e a s i n g  A) i n c r e a s e s  . 

u n t i l  it r e a c h e s  t h e  f l u x  o f  l o c a l  quas i - t r apped  e l e c t r o n s  ( c f .  

F i g u r e s  9 and 10 o f  O 'Hr ien  and Tay lo r ,  1964) .  - - 

We have d i s c u s s e d  e l sewhere  [ 0  ' B r i e n ,  13GG] t h e  d i f f e r e n t  

a c c e l e r a t i o n  mechanisms t h a t  may o p e r a t e  i n  t h e  a u r o r a l  domain, 

and h e r e  riterely draw a t t e n t i o n  t o  t h e  f a c t  t h a t  b o t h  daytime and 

-- - - .  night - - t ime  p r o c e s s e s  are r e q u i r e d .  - . - - *  - - 

With t h e  d i scove ry  o f . t h e  n e u t r a l  s h e e t  and t h e  a s s o c i a t e d  
- -  - 

plasma [Ncss,  et a l . ,  1964; Bamc, e t  al.. , 19661 t h e r e  h a s  been con- 
* 

s i d e r a b l e  s p e c u l a t i o n  t h a t  it forms t h e  s o u r c e  o f  a u r o r a l  p a r t i c l e s .  

-- - -- - The- energy  s):)cctra anc3 p a r t i c l  e  c h a r a c t e r i s t i c s  a r e - s i m i l  ar Lo - - -- 

those found i n  a u r o r a s ,  altkoucjh one can silo~~ t h a t  it coul-ci s u s t a i n  

krorlci-v?j.dc a u r o r a  F o r  on3.y a  few n i . r !u tcs .  But t h e s e  t r c a t m c n t s  

llave concentrcctcd nmj n1y  on night.-tini,c, p l~eno~ucna ,  and a s  cli.rect 



baf looi-1 ai~d s a t e l l  i  ic- -borne espel-ilcients demons t ra te  (e. g.  Anderson, 

19Gfil~; O 'Rr jcn ,  19G4; Johnson,  e t  a ] .  , 1966) C l ~ e r e  i s  c?ppreci.;~ble 

a u r o r a l  p r e c i - p i t a t i o n  clurj-ng t h e  day,  and indced t l l c~ re  have been 

s t u d i e s  o f  v i s i b l e  "daytj.meH a u r o r a s  [Davis  and I IeKi t t ,  13631. I f  

t h e  n e u t r a l  s h e e t  i s  t-o b e  t h e  s b u r c e  o f  such p z i r t i c l e s  t h e n  t h e  

f i e l d  l i n e s  must be open and must r each  t h e  n e u t r a l  s h e e t  some 

. 10 6 km from t h e  e a r t h  (c f .  D e s s l e r  and Juday, 1965) . Such an "open" 

c o n f i g u r a t i o n  p o s e s  two d i s t i n c t  problems f o r  daysicle p r e c i p i t a t i o n ,  
t 

v i z .  l o w - l a t i t u d e  y r e c i p i t a - t i o n  w i t h o u t  e x c e s s i v e  compression o f  

t h e  magnetopause ( s e e  above) and a l s o  t h e  r a p i d  tempora l  v a r i a t i o n s .  

pf  o c c a s i o n a l  e l e c t r o n  p r e c i p i t a t i o n  (e .g .  0 . 2  s e c  as seen by 

Anderson, 1965b) .  (Note t h a t  an e l e c t r o n  w i t h  50 kev  would t a k e  

-10 seconds t o  t r a v e l  from t h e  n e u t r a l  s h e e t  t o  t h e  daysj.de 

atmosphere.  ) 

M e  t h e r e f o r e  consicler  it more r e a s o n a b l e  t o  r e g a r d  t h e  daysi.de 

a u r o r a l  domain as  shov~n i n  F i g u r e  1. T h i s  i m p l i e s  t h a t  a c c e l e r a t i o n  
- .  - - , . _ . - . .  

I t l ~ C L l d l l l b l l i S  U L I l C l .  L11cL11 ~ 1 1 " s ~  C L ~ ~ L J L ~ C L L G ~  Wl LII L* I I G L L L  UJ. L ~ L L L G  b ~JLLVUI- 

e x i s t .  

Another compara t ive  t e s t  o f  t h e  model proposed h e r e  and o f  
- .- -..--- - 

t h e  model envi-saged by D e s s l e r  and Juday [1965] i s  g iven  by  t h e  

h i g h - a l t i t u d e  s p a t i a l .  d i s t r i b u t i o n  o f  " a u r o r a l "  p a r t i c l e s  i n  t h e  

f lomagnet ic  t a i l  a t  -15 R . I n  D e s s l e r  . and  ,?uclayls [1365] model, 
E 

t h e  r a d i a t i o n  shou.ld have a t h e t a  ( 0 )  c o n f i g u r a t i o n ,  where t h e  b a r  . 

of t h e  t h e t a  i s  c o i n c i d e n t  w i th  t h e  n e u t r a l  s h e e t ,  and where t h e  

s p e r i p h e r y  i s  found ju'sE i.nsi.de t h e  magnetopause, s i n c e  t h e  f i e l d  

. l i n e s  from t h e  a u r o r a l  zone a r e  a l l  deemed t o  be "open".  In o u r  

model ske tched  i n  F i g u r e  1, we e x p e c t  such r a d i a t i o n  o n l y  i n  t h e  

. . plasma s h e e t ,  i . e .  t h e  b a r  o f  t h e  t h e t a .  P r e l i m i n a r y  d a t a  from t h e  
-- -- - _. ___._ ____ _. _._ ._ 

Vela  s a t e l - l i t e s  show t h a t  such r a d i a t i o n  i s  indeed  con f ined  t o  t h e  

plasma s h e e t  [ E a m e  and Coon, p r i v a t c  coirununi c;~tion] thus valic1aLjng 

our Fj.cjurc 1 i n  t h i s  a s p e c t .  



A s  t h e  a u r o r a l  zcne init-iz:ll.y expancls t:o.c,.ra~:ds t h e  ecluator we 

e x p e c t  that-. t h e  zone o f  p r e c i p i t a t i o n  woul.ci j r n i t i a l l . y  o : t cnd  from 

t h e  formc-:r l o w - l a t i t u d e  boundary o f  ttl~e zone t o  t h e  u l t i m a t e  low- 

l a t i t u d e  boundary,  due t o  5 - n i t i a l  Loss o f  f o r ~ n c r l y  t rappe,d  p a r t i c l e s ,  
i 

Comparison o f  e c ~ u a t o r i a l  ( e . g .  Frank,  1965) and i.onosphcrj.c d a t a  
I 

(e.cj. B a i l e y  and Pomerantz, 19G5) would seem t o  i n d i c a t e  t h a t  t11i.s 

phase  might  p e r s i s t  ' f o r  t e n s  o f  minutes ,  and t h a t  it would b e  . 
c h a r a c t e r i z e d  by p r e c i p i t a t e d  p a r t i c l e s  w i t h  e n e r g i e s  above normal 

L 

a u r o r a l  e n e r g i e s .  Subsequent a u r o r a l  p r e c i p i t a t i o n  cou ld  t a k e  

p l a c e  ove r  a l l  o f  t h e  zone o r  presumably it could  b e  l o c a l i z e d  t o  

s m a l l  r e g i o n s  w i t h i n  t h e  zone,  moving p o t e n t i a l l y  between t h e  high-  

and l o w - l a t i t u d e  ex t remes .  The above s t a t emen t  i s  d e r i v e d ,  o f  

c o u r s e ,  n o t  from any deep--seated unde r s t and ing  o f  t h e  a u k o r a l  

a c c e l e r a t i o n  p r o c e s s e s  b u t  mere ly  from t h e  knowledge t h a t  t h i s  i s  

t h e  observed  behav io r  o$ a u r o r a s  (e. g. Akasofu, et a l . ,  1965) . 

T h i s  n o t e  does  n o t  p u r p o r t  t o  s o l v e  t h e  fundamental  problems 

-of t h e  a u r o r a l  a c c e l e r a t i o n  mechanj.sms, no r  t o  choose between 

plasma i n s t a b i l i t i e s ,  m a g n e t i c - f i e l d  merging, e l e c t r o s t a t i c  

a c c e l e r a t i o n  o r  o t h e r  phenomena. The purpose i s  s imply t o  p ropose  

a magnetospher ic  conf igura t i .on  which appea r s  t o  l e n d  coherence  t o  

e x i s t i n g  expe r imen ta l  d a t a  and which i s  c o n s i s t e n t  w i t h  observed  

phenomena i n s o f a r  as it invokes:  
--. *-- - 

T ( I  j ~t I-ow-alti t u c ~ e s  - - - -  - . . . - -  -- 

\ -- 
-- - - -. - - - - -- - (a) t h e  h i g h - l a t i t u d e  boundary o f  t r a p p i n g  O K  Van Al l en  

r a d i a t i o n  c o i n c i d e s  w i t h  t h e  l o w - l a t i t u d e  boundary o f  

t h e  a u r o r a l  zone,  i. e .  a u r o r a s  occu r  just - o u t s i d e  t h e  
- --- - - - -- - - - - - -  - - -- - -- -- - - - - -- 

bounclary o f  tray,piny a t  aciy and n i g h t ;  

(h) t h e  h i q h - - l a t i k u d e  boundary o f  t h e  a u r o r a l  zone w i l l  

b e  :;harj)ly-deLinc;~tec?. on t h e  d;iy-sj.c?c: b u t  I '  fuzzy" w i t 1 1  

sporaclic: s p t k c s  01.1 t h e  n:i.(jl~t s i d e .  occasional . l .y thc 



. I  

a c t u a l  i n t c n s e  a u r o r a s  may bc l o c a l i z e d  o v c r  o n l y  a 

- _ _  f r a c t i o n  O K  t h e  t o t a l  zone b u t  f r e e  t o  move a c r o s s  it; 

( c )  p r e c i p j . t a t i o r 1  e v e n t s  w i l l  a lways  be con j u g a t e  on t h e  

day- - s ide  b u t  s o n ~ e t i ~ n e s  (e .  g .  w i t h  s p i k e s )  noC c o n j u g a t e  

o n  t h e  n i g h t  s i d e .  Geomagnetic  c o n t r o l  (alic,nlnen'c w i t h  

3; c o n t o u r s )  w i l l  terid t o  be s t r o n g e s t  on t h e  l o w - l a t i t u d e  

e d g e  o f  t h e  a u r o r a l  domain. 

( a )  t h e  a u r o r a l  domain i.s t h e  zone  where  n o n - a d i a b a t i c  

l o s s  p r o c e s s e s  p r e d o m i n a n t l y  c a n  o c c u r  ( s o  t h a t  h igh-  -- 

e n e r g y  Van A l l e n  p a r t i c l e s  may be l o s t )  o c c a s i o n a l l y  down 

to L - 2 [Mcl lwa in ,  196Gb; F r a n k ,  19651 a n d  where  f r e s h  

a c c e l e r a t i o n  p r o c e s s e s  can  o c c u r  ( s o  t h a t  t h e  f l u s  o f  

low-energy,  i, e. " a u r o r a l " ,  p a r t i c l e s  c a n  i n c r e a s e )  ; 

(b) t h e  a u r o r a l  domaj n exnands  r a d i a l l y  i n w a r d s  d u r i n y  

geomagne t i c  d i  s t u r b a - n c e s ,  even w h i l e  t h e  rnagnetopause 

r e m a i n s  a t  R > 7 RE, and 
0 

(c) t h e r e  may be v e r y  i n t e n s e  s p o r a d i c  f l u x e s  of  a u r o r a l  

. - 
e l e c t r o n s  l o c a l i z e d  i n  a na r row ( f e w  d e g r e e s  wide)  c o n e  

-+ 
around  B on  t h e  n i g h t - s i d e  o f  t h e  e a r t h  [ O ' B r i e n ,  19661.  

I t  i s  h i s t o r i c a l l y  p e r h a p s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  

above scheme o f  t h i n g s  o n e  may d e t e c t  b o t h  a " l e a k y - b u c k e t "  model 

- -. ( f o r  t h e  p e r i o d  when t h e  a u r o r a l  zone  i s  expand ing  inwarcis) and a . 
I 

" s p l a s h - c a t c h e r "  model (when t h e  a u r o r a l  zone  c o n t r a c t s  t o  p r e s t o r m  
- - 

v a l u e s ) .  (See  O I B r i e n ,  1962 &d 1954 f o r  f u r t h e r  d i s c u s s i o n )  . 1t 

i s  a l s o  o f  h i s t o r i c a l  i n t e r e s t  t o  n o t e  t h a t ,  some d e c a d e s  ago  when 

- - - - - - - - - -only  night . - t ime a u r o r a s  were-  d i  scussecl ,  i-t - w a s  cons idc rec l  troub1.e- - - 

some t o  have t h e  impinging s o l a r  glasi-na c a u s e  phcno~ncna on t h e  

back--s icIc  o f  t h c  c a r t h ,  s i n c e  j t was c o n c c ~ ~ > t u a l l . y  e a s i e r  t o  c;lusc;c 

day-tiin2 c f f c c t s .  By c o n t r a s t ,  i f  one  5.nvo'l:es o n l y  nc :u t ra l - shce t  



accelerai;j .on p r o c e s s e s  ( e .  g .  , S p e i s e r ,  3.9Gl i )  , it i s  tro~xh.l .cr;o~~~c 

- t o  expla5.n t h e  undeniab le  d a y t i n ~ c  phenomena. Rut t h e n  i f  one t r i e s  

t o  e x p l a i n  hot11 days ide  and n i g h t  s i d e  pt~zno~nena w i t h  a s i n g l e  

acce l e ra t j . on  p r o c e s s  ( c f .  33esslc.r and Juciay, 196 5 )  t h e r e  a r e  f u r t h e r  

. i n c o n s i s t e n c i e s  w i t h  o b s e r v a t i o n ,  a s  d i s c u s s e d  above. I n  t h e  magneto- 

spher i -c  c o n f i g u r a t i o n  p r e s e n t e d  h e r e ,  t h e  approach h a s  been t aken  

t h a t  t h e r e  i s  a cont inuous ly- ' ac t ive  days ide  and nj.ghtsi.de a c c e l e r -  

a t i o n  lnechanisnl p robably  o p e r a t i v e  on c l o s e d  f i e l d  l i n e s ,  t o g e t h e r  

w i t h  a c a t a c l y s m i c  a c c e l e r a t i o n  p r o c e s s  ( e .  g .  pe rhaps  f i e l - d - l i n e  i 

merging) t h a t  o c c u r s  o n l y  a t  n i g h t .  

F i n a l l y ,  it may b e  no ted  t h a t  t h e  model env i saged  i n  F i g u r e  1 

i s  an a d a p t a t i o n  o f  t h e  "neg l ig ib le -merg ing"  model o f  D e s s l e r  and 

Juday [1965] .  There  a r e  o t h e r  and p l a u s i b l e  magnetospher ic  models 

wherein  geomagnetic f i e l d  l i n e s  may merge w i t h  i n t e r p l a n e t a r y  f i e l d  

l i n e s  on t h e  day-s ide  and n i g h t - s i d e  (e .g .  Dungey, 1961; Axford, et  

a l . ,  1965) ,  and o u r  proposed c o n f i g u r a t i o n  can be r e a d i l y  adap ted  

arguments we have  advanced. 
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F i g u r e  1- : I\-lacjnctospheric conf igura t i .on  envisaged b y  0 ' Rrien [ lt-)GG] . 
The p l a s ~ n n  s h e e t  i s  a l s o  prope~.- ly  the a u r o r a l  clon~ain. 

T h i s  s k e t c h  i s  f o r  a maynctosphere w i t h  nec j i i c j i l~ le  

merging o f  geomagnetic and i n t e r p l a n e t a r y  magnct lc  

f i e l d s .  A " r a p i d  merging" model waul-d somewhat a l t e r  

t h e  appearance o f  t h i s  s k e t c h  b u t  n o t  m a t e r i a l l y  modify 

i t s  s i y n i f i c a l l c e .  Such f e a t u r e s  a s  t h e  n e u t r a l  p o i n t s  

have n e v e r  y e t  been seen.  

F i g u r e  2: I l l u s t r a t i o n  o f  t h e  e n e r g e t i c  p a r t i c l e  and magnetic-  

f i e l d  c h a r a c t e r i s t i c s  r ega rded  as t y p i c a l  of t h e  noon 

mer id i an  o f  t h e  magnetosphere.  Region A i s  occupied  by 

r e l a t i v e l y  s t a b l e  Van Al l en  r a d i a t i o n  w i t h  a nea r -d ipo le  

f i e l d .  Region B i s  t h e  a u r o r a l  domain, where p a r t i c l e  

f l u x e s  are v a r i a b l e  and g r a d  B s m a l l .  Regions C and D 

are t h e  magnetosheath and i n t e r p l a n e t a r y  space  r e spec -  

t i v e l y .  Domain B expands inwards  as A c o n t r a c t s  d u r i n g  

magnet ic  s to rms .  






